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ACRYLONITRILE-ACRYLATE-STYRENE
GRAFT COPOLYMER AND
THERMOPLASTIC RESIN COMPOSITION
COMPRISING THEREOF

This application is a National Stage Application of Inter-
national Patent Application No. PCT/KR2013/006356, filed
Jul. 16, 2013, and claims the benefit of Korean Patent Appli-
cation No. 10-2012-0093623 filed on Aug. 27, 2012, and
Korean Patent Application No. 10-2013-0082681 filed on Jul.
15, 2013, in the Korean Intellectual Property Office.

TECHNICAL FIELD

The present invention relates to an acrylonitrile-acrylate-
styrene graft copolymer and a thermoplastic resin composi-
tion comprising the same. More specifically, the present
invention relates to an acrylonitrile-acrylate-styrene graft
copolymer having a controlled rubber morphology and a
difference in refractive index in consideration of refractive
index of a target matrix polymer, and a thermoplastic resin
composition with superior impact resistance, weather resis-
tance and appearance, comprising the same.

BACKGROUND ART

An ABS resin is an acrylonitrile-butadiene-styrene ter-
polymer which is widely utilized in a variety of fields includ-
ing electric and electronic products, construction materials
and automobiles due to excellent impact resistance, strength,
chemical resistance and processability. However, an ABS
resin is disadvantageously unsuitable for use in exterior mate-
rials because a butadiene polymer is used as a rubber, and thus
has poor weather resistance.

Meanwhile, in order to obtain thermoplastic resins with
superior physical properties, weather resistance and aging
resistance, an ethylene unsaturated polymer should not be
present in an acrylonitrile-acrylate-styrene graft copolymer.
An ASA (acrylonitrile-styrene-acrylate terpolymer) resin
employing a cross-linked alkyl acrylate rubber polymer was
demonstrated to be suitable as a representative example of
thermoplastic resins with excellent weather resistance and
aging resistance. Such an ASA resin has superior weather
resistance and aging resistance and is utilized in a variety of
applications including automobiles, ships, leisure products,
construction materials and gardening materials.

A method for preparing an ASA polymer with superior
weather resistance and aging resistance is disclosed in Ger-
man Patent No. 1,260,135. A core used for this method is a
large-diameter latex of cross-linked acrylate with a mean
particle diameter of 150 to 800 nm and a narrow particle size
distribution. As compared to a polymer prepared using a
small-diameter polyacrylate latex, a polymer comprising a
large-diameter polyacrylate latex has improved notch impact
strength, high hardness and reduced shrinkage. However, the
large-diameter acrylonitrile-acrylate-styrene graft copoly-
mer has a disadvantage of difficulty of coloring as compared
to small-diameter acrylonitrile-acrylate-styrene graft copoly-
mers.

Use of corresponding ASA polymers for preparing color
articles is limited. That is, a pale pastel color is obtained rather
than a vibrant color.

For reference, materials known to date have superior
weather resistance and mechanical properties and improved
colorability. However, improvement in colorability by these
materials is yet insufficient due to use in conjunction with
large-diameter acrylonitrile-acrylate-styrene graft copoly-
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mers that deteriorate colorability. Because these materials
employ a cross-linked alkyl acrylate polymer as a rubber
component, they cannot obtain a clear color due to exces-
sively low refractive index of alkyl acrylate, as compared to
styrene and acrylonitrile.

Use of a multi-layer alkyl acrylate rubber polymer includ-
ing a diene rubber polymer in order to overcome this disad-
vantage is suggested in Japanese Patent Publication Sho.
47-47863, Japanese Patent Publication Sho. 59-49245, Japa-
nese Patent Publication Hei. 3-66329 and the like.

However, these patents are disadvantageously unsuitable
for preparation of resins with superior weather resistance
because an alkyl acrylate polymer outer layer does not suffi-
ciently surround a diene polymer inner layer.

DISCLOSURE

Technical Problem

Therefore, it is one object of the present invention to pro-
vide an acrylonitrile-acrylate-styrene graft copolymer having
a controlled rubber morphology and differences in refractive
index in consideration of refractive index of a target matrix
polymer, and a thermoplastic resin composition with superior
impact resistance, weather resistance and appearance com-
prising the same.

Technical Solution

In accordance with one aspect of the present invention, the
above and other objects can be accomplished by the provision
of an acrylonitrile-acrylate-styrene graft copolymer compo-
sition comprising a graft copolymer and a matrix polymer,
wherein the graft copolymer comprises a seed comprising at
least one of an aromatic vinyl compound, a vinyl cyanide
compound and an alkyl (meth)acrylate compound, a rubber
core surrounding the seed and comprising alkyl acrylate, and
a shell surrounding the core and comprising at least one of an
aromatic vinyl compound, a vinyl cyanide compound and an
alkyl (meth)acrylate compound, wherein a morphology ofthe
rubber core satisfies the following Equations 1 and 2, a dif-
ference between a refractive index of the seed or the shell and
a refractive index (uu,,>°) of the matrix polymer is lower than
0.035, is equivalent to or lower than 0.03 or is equivalent to or
lower than 0.02 and a difference between a refractive index of
the core and a refractive index (p,,>°) of the matrix polymer is
higher than 0.056, is equivalent to or higher than 0.08, or is
equivalent to or higher than 0.1.

140<2%r2<380 Equation 1

#2-r1<80 Equation 2

wherein rl represents a thickness (nm) from the center to
the seed of the graft copolymer and r2 represents a thickness
(nm) from the center to the core of the graft copolymer.

Equation 1 may be for example 150=2%r2<370,
150=2*r2=350 or 200=2*r2=300.

Equation 2 may be for example 10=r2-r170, 20=<r2-r1<50,
or 20=r2-r1=40.

In addition, the acrylonitrile-acrylate-styrene (ASA) graft
copolymer composition may comprise the acrylonitrile-acry-
late-styrene graft copolymer and the matrix polymer at a
weight ratio of 10:90 to 90:10, 10:90 to 60:40, or 15:85 to
50:50.

The matrix polymer may, for example, be selected from
polymers comprising one or more compounds of an aromatic
vinyl compound, a vinyl cyanide compound and an alkyl
(meth)acrylate compound.
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In accordance with another aspect of the present invention,
provided is a molded article produced from the copolymer
composition, wherein the molded article has enhanced
impact resistance, weather resistance, colorability and gloss,
and thus improved appearance.

Hereinafter, the present invention will be described in
detail.

The present invention is characterized in that layer thick-
nesses and refractive indexes of seed and core are controlled
so as to provide an acrylonitrile-acrylate-styrene graft
copolymer which maintains conventional impact properties
through controlled rubber morphology and consideration of
refractive index of the target matrix polymer, prevents dete-
rioration in colorability based on the refractive index of the
seed controlled to be similar to that of the target matrix
polymer, and exhibits improved colorability and thus superior
appearance properties due to control of morphology of the
core having a great difference in refractive index with the
target matrix polymer.

The acrylonitrile-acrylate-styrene graft copolymer accord-
ing to the present invention may be an ASA graft copolymer
which comprises: a seed comprising at least one of an aro-
matic vinyl compound, a vinyl cyanide compound and an
alkyl (meth)acrylate compound; a rubber core surrounding
the seed and comprising alkyl acrylate; and a shell surround-
ing the core and comprising at least one of an aromatic vinyl
compound, a vinyl cyanide compound, and an alkyl (meth)
acrylate compound.

A weight ratio of the seed to the core to the shell constitut-
ing the ASA graft copolymer is particularly preferably (5 to
40):(201to 60):(20to 60), or (10 to 35):(30to 55):(30 to 50) in
view of maintenance of suitable impact resistance and
improvement of colorability.

In addition, when the core is used in an amount lower than
the range defined above, rubber content is low and impact
resistance enhancement of the graft copolymer is thus dete-
riorated, and when the rubber content exceeds the range
defined above and the shell content is lower than the range,
rubber particles may be clumped during aggregation, the
effect of enhancing impact resistance is reduced, resin com-
patibility is considerably low and a desired level of refractive
index cannot be obtained.

When the content of the seed is low, appearance properties
are bad and when the content of the seed is excessive, impact
strength is deteriorated.

In addition, when the content of alkyl acrylate constituting
the core is low, rubber content is low and impact resistance is
thus deteriorated, and when the content of alkyl acrylate is
excessively high, rubber particles may clump due to low
content of the shell, resin compatibility is considerably low,
and the effect of enhancing impact resistance and a refractive
index are low.

Examples of the alkyl acrylate contained in the core
include methyl acrylate, ethyl acrylate, propyl acrylate, butyl
acrylate, hexyl acrylate, octyl acrylate, 2-ethylhexyl acrylate
and the like. Specifically, the alkyl acrylate may be n-butyl
acrylate, 2-ethylhexyl acrylate or the like.

The rubber core may be an acrylic rubber obtained by
polymerizing a substance comprising alkyl acrylate with a
cross-linking agent. When the cross-linking agent is con-
tained, gel content can be controlled and strength is excellent.

Meanwhile, mean particle diameter from the seed to the
core is for example higher than 0.14 pm and lower than 0.38
pum and is preferably 0.15 to 0.37 um, 0.15 to 0.35 pm, or 0.2
to0 0.3 um in terms of maintenance of balance between impact
resistance and colorability.
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Furthermore, the aromatic vinyl compound that can be
used for the seed and the shell may comprise at least one
selected form the group consisting of styrene, a-styrene,
p-styrene, vinyl toluene and styrene monomer derivatives.

In addition, the vinyl cyanide compound that can be used
for the seed and the shell may be acrylonitrile, methacryloni-
trile or a mixture thereof.

The alkyl (meth)acrylate compound that can be used for the
seed and the shell may comprise at least one selected from the
group consisting of methyl acrylate, ethyl acrylate, propyl
acrylate, butyl acrylate, 2-ethyl hexyl acrylate, methyl meth-
acrylate, ethyl methacrylate, propyl methacrylate, 2-ethyl
hexyl methacrylate, methyl ethacrylate and ethyl ethacrylate.

In one embodiment, the seed and/or the core may further
comprise at least one compound represented by the following
Formula 1 as a cross-linking agent:

Formula 1

A—FR—O+-A'

wherein A independently represents a substituent having a
vinyl group or a (meth)acrylate group, and A' represents a
hydrogen group, a substituent having a vinyl group, a C1 to
C30 alkyl group, a C5 to C24 arylalkyl group, a C5 to C24
arylamine group or a C6 to C30 aryl group, and

R independently represents a divalent ethyl group or a
propyl group, and n is an integer of 0 to 15, 0 to 5, or 0 to 4.

In another embodiment, the seed and/or the core may fur-
ther comprise, as a crosslinking agent, at least one selected
from the group consisting of divinylbenzene, 1,3-butanediol
diacrylate, 1,3-butanediol dimethacrylate, 1,4-butanediol
diacrylate, 1,4-butanediol dimethacrylate, aryl acrylate, aryl
methacrylate, trimethylol propane triacrylate, tetraethylene
glycol diacrylate, ethylene glycol dimethacrylate, diethylene
glycol dimethacrylate, triethylene glycol dimethacrylate,
neopentyl glycol dimethacrylate, triallyl isocyanurate, triary-
lamine and diallylamine.

The crosslinking agent is for example used in an amount of
0.01 to 5 parts by weight, or 0.1 to 3 parts by weight, based on
100 parts by weight in total of the monomer used for prepa-
ration of the ASA-based graft copolymer.

In addition, the shell is for example present in an amount of
20to 60 parts by weight, based on 100 parts by weight in total
of'the monomer constituting the ASA-based graft copolymer.
When the content of the shell is low, graft efficiency is dete-
riorated, the rubber clumps, resin compatibility is decreased
and impact resistance enhancement effect is deteriorated, and
when the content of the shell is excessively high, impact
resistance efficiency is disadvantageously deteriorated due to
decrease in relative content of rubber.

In one embodiment, the shell is a copolymer comprising at
least one selected from the group consisting of alkyl meth-
acrylate, an aromatic vinyl compound and a vinyl cyanide
compound in order to control polymerization reactivity and
refractive index to desired levels and is formed by graft poly-
merization.

In another embodiment, the shell is a copolymer compris-
ing an aromatic vinyl compound and a vinyl cyanide com-
pound, or comprising an aromatic vinyl compound, a vinyl
cyanide compound and alkyl methacrylate, and is formed by
graft polymerization.

The final gel content of the ASA graft copolymer is for
example lower than 92%, or is lower than 90%, or is 30 to
90% and a graft ratio thereof'is higher than 20%, is equivalent
to or higher than 25%, or is 25 to 100% or 25 to 80%. When
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the gel content falls within the range defined above, strength
is excellent, and when the graft ratio is within the range
defined above, there is an advantage in terms of dispersion
due to improved aggregation.

Morphology of the rubber core satisfies the following
Equations 1 and 2:

150=2%2=350 Equation 1

20=r2-r1=50 Equation 2

wherein rl represents a thickness (nm) from the center to
the seed of the graft copolymer and r2 represents a thickness
(nm) from the center to the core of the graft copolymer.

rl for example is a radius or a mean radius of the seed,
which means %2 of a particle diameter or a mean particle
diameter of the seed.

r2 for example is a radius or a mean radius of a core
including the seed, which means V% of a particle diameter or a
mean particle diameter of the core including the seed.

As can be demonstrated from Example described below,
when the equations associated with thicknesses of the seed
and the core are satisfied, the thickness of a core portion
having a great difference in refractive index with a matrix
portion is decreased and the size of the core is suitably con-
trolled, thus providing transparency and an effect of remark-
ably enhancing colorability.

Furthermore, the present invention is characterized in that
the difference between the refractive index of the seed and/or
the shell and the refractive index (11,,>*) of the matrix polymer
is lower than 0.035 and the difference between the refractive
index of the core and the refractive index (j,,>°) of the matrix
polymer is higher than 0.056. The matrix polymer may be at
least one selected from matrix polymers comprising one or
more of an aromatic vinyl compound, a vinyl cyanide com-
pound and an alkyl (meth)acrylate compound.

The matrix polymer may be for example a hard matrix
resin.

The hard matrix resin means a resin which comprises a
hard polymer-forming monomer having a glass transition
temperature of at least 80° C. or 80 to 200° C.

As another example, the matrix polymer may be a SAN
(styrene-acrylonitrile) resin.

The difference between the refractive index of the seed or
the refractive index of the shell and the refractive index (u,>>)
of the matrix polymer is preferably lower than 0.035, is
equivalent to or lower than 0.03, or is lower than 0.03 in terms
of colorability based on transparency imparted to the graft
copolymer.

The difference between the refractive index of the seed and
the refractive index (1,,>°) of the matrix polymer is higher
than 0.056, or is equivalent to or higher than 0.08, or is 0.06 to
0.15 or 0.08 to 0.13 in terms of remarkable improvement in
colorability. When butadiene, styrene or the like having a
relatively high refractive index is used as the core in order to
reduce the difference in refractive index, both weather resis-
tance and impact strength are disadvantageously deterio-
rated.

Specifically, the ASA graft copolymer composition
according to the present invention may comprise the acryloni-
trile-acrylate-styrene graft copolymer and, as a thermoplastic
matrix resin, a hard matrix resin comprising at least one of an
aromatic vinyl compound, a vinyl cyanide compound and an
alkyl (meth)acrylate compound in a weight ratio of 10:90 to
90:10.

The acrylonitrile-acrylate-styrene graft copolymer may be
for example prepared by a method well known in the art, such
as emulsion polymerization.
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In another example, the acrylonitrile-acrylate-styrene graft
copolymer of the present invention may be prepared by the
following three steps. For reference, the content of the acry-
lonitrile-acrylate-styrene graft copolymer is based on 100
parts by weight in total of the monomer used for preparation
of the acrylonitrile-styrene-acrylate copolymer.

First, in the first step, a seed is prepared by polymerizing 4
to 30 parts by weight of a monomer or a monomer mixture
comprising at least one selected from an aromatic vinyl com-
pound, a vinyl cyanide compound and alkyl(meth)acrylate.
The monomer mixture may for example further comprise
0.001 to 1 parts by weight of an electrolyte, 0.01 to 3 parts by
weight of a crosslinking agent, 0.01 to 3 parts by weight of a
polymerization initiator and 0.01 to 5 parts by weight of an
emulsifying agent.

Then, in the second step, a core is prepared by polymeriz-
ing a monomer mixture comprising 20 to 80 parts by weight
of'an alkyl acrylate monomer and 0.01 to 3 parts by weight of
a crosslinking agent in the presence of the seed. In addition,
the monomer mixture may further comprise 0.01 to 3 parts by
weight of a polymerization initiator and 0.01 to 5 parts by
weight of an emulsifying agent.

Then, in the third step, a graft shell is prepared by poly-
merizing 10 to 70 parts by weight of a monomer or a mono-
mer mixture of at least one selected from the group consisting
of an aromatic vinyl compound, a vinyl cyanide compound
and alkyl (meth)acrylate in the presence of the rubber core.
Furthermore, the monomer mixture may for example further
comprise 0.01 to 3 parts by weight of a polymerization ini-
tiator, O to 3 parts by weight of a molecular weight modifier
and 0.01 to 5 parts by weight of an emulsifying agent.

The thermoplastic resin composition of the present inven-
tion may further comprise 0.1 to 10 parts by weight of at least
one additive selected from the group consisting of a flame
retardant, a lubricant, an antimicrobial agent, a release agent,
a nucleating agent, a plasticizer, a thermostabilizer, an anti-
oxidant, a photostabilizer, a UV stabilizer, a compatibilizer, a
pigment, a dye and an inorganic additive, based on 100 parts
by weight in total of the ASA graft copolymer and the matrix
resin.

In another example, the thermoplastic resin composition
may further comprise 0.1 to 5 parts by weight or 0.1 to 3 parts
by weight of at least one additive selected from the group
consisting of a lubricant, an anti-oxidant, a UV stabilizer, a
pigment and an inorganic additive, based on 100 parts by
weight in total of the ASA graft copolymer and the matrix
resin.

A molded article prepared from the thermoplastic resin
composition exhibits improved impact resistance, weather
resistance, colorability and gloss, and thus enhanced appear-
ance, and is thus useful for automobile components, electric
and electrical components or construction materials, but the
present invention is not limited to these applications.

Advantageous Effects

Advantageously, the present invention provides an acry-
lonitrile-acrylate-styrene graft copolymer which maintains
conventional impact properties in consideration of refractive
index of a target matrix polymer, prevents deterioration in
colorability due to refractive index of the seed controlled to be
similar to that of the target matrix and exhibits superior
appearance when applied to thermoplastic resin compositions
due to control of morphology of the core having a great
difference in refractive index with the target matrix polymer.

BEST MODE

Now, preferred examples will be provided for better under-
standing of the present invention. These examples are pro-
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vided only to illustrate the present invention and should not be
construed as limiting the scope and spirit of the present inven-
tion.

Example 1

A thermoplastic resin composition was prepared by mixing
40 parts by weight of an acrylonitrile-acrylate-styrene graft
copolymer comprising 20% by weight of styrene as a seed,
45% by weight of butyl acrylate as a core and 35% by weight
of styrene-acrylonitrile (containing 26.25% by weight of SM
and 8.75% by weight of AN) as a shell, and having r1 of 75 nm
and r2 of 115 nm, 60 parts by weight of a styrene-acrylonitrile
copolymer (containing 45 parts by weight of SM and 15 parts
by weight of AN and having a refractive index of 1.573), 1
part by weight of a lubricant, 0.5 parts by weight of an anti-
oxidantand 0.5 parts by weight ofa UV stabilizer. In this case,
a difference in refractive index between the seed or the shell
of'the acrylonitrile-acrylate-styrene graft copolymer, and the
matrix was lower than 0.02, a difference in refractive index
between the core and the matrix was 0.11, and the acryloni-
trile-acrylate-styrene graft copolymer had a gel content lower
than 90%, and a graft ratio of 35%.

For reference, desired levels of r1 and r2 could be obtained
by controlling the content of the emulsifying agent during
polymerization, and SM means styrene monomer, AN means
acrylonitrile monomer, MMA means methyl methacrylate,
BA means butyl acrylate and 2-EHA means 2-ethylhexyl
acrylate.

Example 2

A thermoplastic resin composition was prepared in the
same manner as in Example 1, except that 10% by weight of
styrene was used as the seed, 55% by weight of butyl acrylate
was used as the core, 35% by weight of styrene-acrylonitrile
(containing 26.25% by weight of SM and 8.75% by weight of
AN) was used as the shell, r]l was 35 nm and r2 was 75 nm. In
this case, differences in refractive index, a gel content and a
graft ratio were the same as in Example 1.

Example 3

A thermoplastic resin composition was prepared in the
same manner as in Example 1, except that 25% by weight of
styrene was used as the seed, 45% by weight of butyl acrylate
was used as the core, 30% by weight of styrene-acrylonitrile
(containing 22.5% by weight of SM and 7.5% by weight of
AN) was used as the shell, r1 was 110 nm, r2 was 150 nm and
the graft ratio was 28%. In this case, differences in refractive
index and a gel content were the same as in Example 1.

Example 4

A thermoplastic resin composition was prepared in the
same manner as in Example 1, except that 30% by weight of
styrene was used as the seed, 40% by weight of butyl acrylate
was used as the core, 30% by weight of styrene-acrylonitrile
(containing 22.5% by weight of SM and 7.5% by weight of
AN) was used as the shell, r1 was 135 nm, r2 was 175 nm and
a graft ratio was 25%. In this case, differences in refractive
index and gel content were the same as in Example 1.

Example 5

A thermoplastic resin composition was prepared in the
same manner as in Example 1, except that 25% by weight of
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styrene was used as the seed, 45% by weight of butyl acrylate
was used as the core and 30% by weight of styrene-acryloni-
trile (containing 22.5% by weight of SM and 7.5% by weight
of AN)was used as the shell, r1 was 80 nm, r2 was 110 nm, the
graft ratio was 28% and the gel content was 90%. In this case,
differences in refractive index were the same as in Example 1.

Example 6

A thermoplastic resin composition was prepared in the
same manner as in Example 1, except that 25% by weight of
styrene was used as the seed, 35% by weight of butyl acrylate
was used as the core, 40% by weight of styrene-acrylonitrile
(containing 30% by weight of SM and 10% by weight of AN)
was used as the shell, r1 was 100 nm, r2 was 130 nm, the graft
ratio was 40% and the gel content was 85%. In this case,
differences in refractive index were the same as in Example 1.

Example 7

A thermoplastic resin composition was prepared in the
same manner as in Example 1, except that 15% by weight of
styrene was used as the seed, 45% by weight of butyl acrylate
was used as the core, 40% by weight of styrene-acrylonitrile
(containing 30% by weight of SM and 10% by weight of AN)
was used as the shell, rl was 70 nm, r2 was 120 nm and the
graft ratio was 45%. In this case, differences in refractive
index and gel content were the same as in Example 1.

Example 8

A thermoplastic resin composition was prepared in the
same manner as in Example 1, except that 20% by weight of
styrene was used as the seed, 45% by weight of butyl acrylate
was used as the core, 35% by weight of styrene-acrylonitrile
(containing 26.25% by weight of SM and 8.75% by weight of
AN) was used as the shell, r1 was 100 nm and r2 was 150 nm.
In this case, differences in refractive index, gel content and
graft ratio were the same as in Example 1.

Example 9

A thermoplastic resin composition was prepared in the
same manner as in Example 1, except that 25% by weight of
styrene was used as the seed, 30% by weight of butyl acrylate
was used as the core, 45% by weight of styrene-acrylonitrile
(containing 33.75% by weight of SM and 11.25% by weight
of AN)was used as the shell, r1 was 90 nm, r2 was 110 nm, the
graft ratio was 45% and the gel content was 80%. In this case,
differences in refractive index were the same as in Example 1.

Example 10

A thermoplastic resin composition was prepared in the
same manner as in Example 1, except that 35% by weight of
styrene was used as the seed, 30% by weight of butyl acrylate
was used as the core, 35% by weight of styrene-acrylonitrile
(containing 26.25% by weight of SM and 8.75% by weight of
AN) was used as the shell, r1 was 115 nm and r2 was 135 nm.
In this case, differences in refractive index, gel content and
graft ratio were the same as in Example 1.

Example 11
A thermoplastic resin composition was prepared in the

same manner as in Example 1, except that styrene-acryloni-
trile-methyl methacrylate (containing 15% by weight of SM,
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2% by weight of AN and 3% by weight of MMA) was used as
the seed and the difference in refractive index between the
seed of the acrylonitrile-acrylate-styrene graft copolymer and
the matrix was lower than 0.03. In this case, gel content and
graft ratio were the same as in Example 1.

Example 12

A thermoplastic resin composition was prepared in the
same manner as in Example 1, except that styrene-butylacry-
late (containing 15% by weight of SM and 5% by weight of
BA) was used as the seed and the difference in refractive
index between the seed of the acrylonitrile-acrylate-styrene
graft copolymer and the matrix was lower than 0.03. In this
case, gel content and graft ratio were the same as in Example
1.

Example 13

A thermoplastic resin composition was prepared in the
same manner as in Example 1, except that styrene-acryloni-
trile (containing 15% by weight of SM and 5% by weight of
AN) was used as the seed and the difference in refractive
index between the seed of the acrylonitrile-acrylate-styrene
graft copolymer and the matrix was lower than 0.02. In this
case, gel content and graft ratio were the same as in Example
1.

Example 14

A thermoplastic resin composition was prepared in the
same manner as in Example 1, except that styrene-acryloni-
trile-butyl acrylate (containing 12% by weight of SM, 4% by
weight of BA and 4% by weight of AN) was used as the seed
and the difference in refractive index between the seed of the
acrylonitrile-acrylate-styrene graft copolymer and the matrix
was lower than 0.03. In this case, gel content and graft ratio
were the same as in Example 1.

Example 15

A thermoplastic resin composition was prepared in the
same manner as in Example 1, except that butyl acrylate-2-
ethyl hexyl acrylate (containing 25% by weight of BA and
20% by weight of 2-EHA) was used as the core and the
difference in refractive index between the core of the acry-
lonitrile-acrylate-styrene graft copolymer and the matrix was
0.115. In this case, gel content and graft ratio were the same
as in Example 1.

Example 16

A thermoplastic resin composition was prepared in the
same manner as in Example 1, except that styrene-acryloni-
trile-methyl methacrylate (containing 26.25% by weight of
SM, 3.5% by weight of AN and 5.25% by weight of MMA)
was used as the shell and the difference in refractive index
between the shell of the acrylonitrile-acrylate-styrene graft
copolymer and the matrix was lower than 0.03. In this case,
gel content and graft ratio were the same as in Example 1.

Comparative Example 1

A thermoplastic resin composition was prepared in the
same manner as in Example 1, except that 4% by weight of
styrene was used as the seed, 55% by weight of butyl acrylate
was used as the core, 41% by weight of styrene-acrylonitrile
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(containing 30.75% by weight of SM and 10.25% by weight
of AN)wasused as the shell, r1 was 55 nm, r2 was 135 nm and
the graft ratio was 45%. In this case, differences in refractive
index and gel content were the same as in Example 1.

Comparative Example 2

A thermoplastic resin composition was prepared in the
same manner as in Example 1, except that 30% by weight of
styrene was used as the seed, 40% by weight of butyl acrylate
was used as the core, 30% by weight of styrene-acrylonitrile
(containing 22.5% by weight of SM and 7.5% by weight of
AN)was used as the shell, r1 was 50 nm, r2 was 70 nm and the
graft ratio was 28%. In this case, differences in refractive
index and gel content were the same as in Example 1.

Comparative Example 3

A thermoplastic resin composition was prepared in the
same manner as in Example 1, except that 30% by weight of
styrene was used as the seed, 40% by weight of butyl acrylate
was used as the core, 30% by weight of styrene-acrylonitrile
(containing 22.5% by weight of SM and 7.5% by weight of
AN) was used as the shell, r1 was 140 nm, r2 was 190 nm and
graft ratio was 28%. In this case, differences in refractive
index and gel content were the same as in Example 1.

Comparative Example 4

A thermoplastic resin composition was prepared in the
same manner as in Example 1, except that 10% by weight of
styrene was used as the seed, 55% by weight of butyl acrylate
was used as the core, 35% by weight of styrene-acrylonitrile
(containing 26.25% by weight of SM and 8.75% by weight of
AN) was used as the shell, r1 was 100 nm, r2 was 190 nm and
graft ratio was 35%. In this case, differences in refractive
index and gel content were the same as in Example 1.

Comparative Example 5

A thermoplastic resin composition was prepared in the
same manner as in Example 1, except that 10% by weight of
styrene was used as the seed, 50% by weight of butyl acrylate
was used as the core, 40% by weight of styrene-acrylonitrile
(containing 30% by weight of SM and 10% by weight of AN)
was used as the shell, r1 was 75 nm, r2 was 115 nm, the
difference in refractive index between the seed and the
matrix, was higher than 0.035, and the graft ratio was 40%. In
this case, differences in refractive index and gel content were
the same as in Example 1.

Comparative Example 6

A thermoplastic resin composition was prepared in the
same manner as in Example 1, except that styrene-acryloni-
trile-methyl methacrylate (containing 7% by weight of SM,
3% by weight of AN and 10% by weight of MMA) was used
as the seed and the difference in refractive index between the
seed of the acrylonitrile-acrylate-styrene graft copolymer and
the matrix was 0.04. In this case, gel content and graft ratio
were the same as in Example 1.

Comparative Example 7
A thermoplastic resin composition was prepared in the

same manner as in Example 1, except that styrene-butyl acry-
late (containing 9% by weight of SM and 11% by weight of



US 9,353,255 B2

11

BA) was used as the seed and the difference in refractive
index between the seed of the acrylonitrile-acrylate-styrene
graft copolymer and the matrix was 0.05. In this case, gel
content and graft ratio were the same as in Example 1.

Comparative Example 8

A thermoplastic resin composition was prepared in the
same manner as in Example 1, except that styrene-acryloni-
trile-butyl acrylate (containing 8% by weight of SM, 4% by
weight of AN and 8% by weight of BA) was used as the seed
and the difference in refractive index between the seed of the
acrylonitrile-acrylate-styrene graft copolymer and the matrix
was 0.05. In this case, gel content and graft ratio were the
same as in Example 1.

Comparative Example 9

A thermoplastic resin composition was prepared in the
same manner as in Example 1, except that butyl acrylate-
styrene (containing 9% by weight of SM and 11% by weight
of BA) was used as the core and the difference in refractive
index between the core of the acrylonitrile-acrylate-styrene
graft copolymer and the matrix was 0.05. In this case, the gel
content and the graft ratio were the same as in Example 1.

Comparative Example 10

A thermoplastic resin composition was prepared in the
same manner as in Example 1, except that butyl butadiene
was used as the core and the difference in refractive index
between the core of the acrylonitrile-acrylate-styrene graft
copolymer and the matrix was 0.056. In this case, gel content
and graft ratio were 94% and 45%, respectively.

Test Example

Properties of the ASA graft copolymer composition were
evaluated by the following methods.

(1) Refractive index: a powder was compressed and a
refractive index thereof was measured using a refractometer
(Metricon 2010).

(2) Mean particle diameter of seed/core/shell: mean par-
ticle diameters of respective latexes were measured by a
dynamic laser light scattering method using a NICOMP 380
particle size analyzer. Intensity was measured in a Gaussian
measurement mode. In addition, regarding the prepared acry-
lonitrile-acrylate-styrene graft copolymer, maximum seed,
core and shell diameters of particles corresponding to the top
10 percent of particle diameters were measured at Acc. Volt of
120KV and at a ratio of SPOT size of 1 (x10K, x25K, x50K)
using TEM (Jeol. JEM-1400) and averages thereof were cal-
culated.

For reference, rl was calculated by dividing the mean
particle diameter of the seed in half, and r2 was calculated by
dividing the mean particle diameter of the core including the
seed in half.

(3) Izod impact strength (V4' notched at 23° C., kgf-cm/cm):
measured in accordance with an ASTM D-256 method.

(4) Resin colorability: during resin processing, 0.1 wt % of
carbon black was added and a value L. of a sample for mea-
suring colorability was measured using a color-difference
meter. As the value of L decreased, color reached dark black
which means that pigment colorability became better.

(5) Gloss (45°): measured in accordance with ASTM
D528.
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(6) Weather resistance: a sample was stood for 2,000 hours
using a weatherometer in accordance with ASTM G155-1
and variation in color (AE) was then measured using a color-
difference meter. AE represents an arithmetic mean value of
CIE Lab values before and after weather resistance testing. As
AE approaches zero (0), weather resistance becomes better.

(7) Gel content and graft ratio: acetone was added to 1 g of
an ASA graft copolymer powder, followed by stirring at room
temperature for 24 hours and centrifuging. Only the compo-
nent not dissolved in acetone was collected and a weight
thereof was measured before and after drying. Gel content
was obtained by the following Equation.

Gel content (%)=weight of sample after centrifugation
and drying/weight of samplex100

Graft ratio=weight of grafted monomer/weight of core
polymer)x100

Measurement results of physical properties associated with
Examples 1 to 16 and Comparative Examples 1 to 10 were
summarized in the following Tables 1 to 3, based on rubber
morphology of Equations 1 and 2, and differences in refrac-
tive index (difference in refractive index between seed or shell
and matrix resin is 0.03 or less, and difference in refractive
index between the core and matrix resin is 0.08 or more), etc.

TABLE 1
Comp. Exes. 1 Comp. Exes. 6 Comp. Exes. 9
Ttems toS to 8 and 10
Refractive unsuitable
index of seed
Refractive unsuitable
index of core
Thickness and unsuitable
size of core
TABLE 2
Impact Weather
Ttems strength resistance Gloss Colorability
Ex. 1 19 1.6 95 27.0
Ex. 2 16 1.4 98 26.5
Ex. 3 23 1.9 92 27.2
Ex. 4 25 2.0 91 27.5
Ex. 5 18 1.5 95 26.8
Ex. 6 29 1.5 95 26.9
Ex. 7 18 1.7 99 27.3
Ex. 8 24 1.8 93 27.4
Ex. 9 17 1.4 98 26.3
Ex. 10 18 1.5 96 26.5
Ex. 11 18 1.5 98 26.7
Ex. 12 19 1.4 95 26.9
Ex. 13 19 1.4 96 26.8
Ex. 14 18 1.6 97 26.7
Ex. 15 21 1.6 94 27.3
Ex. 16 18 1.2 96 26.5
TABLE 3
Impact Weather
Ttems strength resistance Gloss Colorability
Comp. 22 2.0 85 29.0
Ex. 1
Comp. 6 1.5 95 26.5
Ex.2
Comp. 25 1.7 81 29.3
Ex. 3
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TABLE 3-continued

Impact Weather
Items strength resistance Gloss Colorability
Comp. 25 1.6 88 29.8
Ex. 4
Comp. 21 1.5 75 30.6
Ex.5
Comp. 16 1.4 95 29.2
Ex. 6
Comp. 20 1.5 91 29.5
Ex.7
Comp. 19 1.5 93 29.4
Ex. 8
Comp. 7 1.6 95 26.5
Ex.9
Comp. 25 8.6 98 26.5
Ex. 10

As can be seen from Table 2 above, Examples 1 to 16 had
similar or superior impact strength, excellent colorability and
gloss, and superior appearance and weather resistance and
good overall balance in physical properties, as compared to
Comparative Examples 1 to 10.

Meanwhile, as can be seen from Table 3 above, Compara-
tive Examples 1 to 5 having unsuitable core thicknesses and
sizes exhibited deterioration in colorability when the thick-
nesses or sizes were higher than the upper limit, and exhibited
greatly deterioration in impact strength when the thicknesses
or sizes were lower than the lower limit. Comparative
Examples 6 to 10 exhibited deterioration in colorability when
refractive indexes ofthe seed and the matrix were unsuitable,
and exhibited deterioration in weather resistance and impact
strength when butadiene or styrene having a refractive index
was used as the core.

What is claimed is:

1. A graft copolymer composition comprising:

agraft copolymer comprising a seed, a core and a shell; and

a matrix polymer,

wherein a difference between a refractive index of the seed
and a refractive index (u,>>) of the matrix polymer is
lower than 0.03,

a difference between a refractive index of the shell, and a
refractive index (,,**) of the matrix polymer is lower
than 0.03,

a difference between a refractive index of the core and a
refractive index (u,>°) of the matrix polymer is higher
than 0.08, and

the graft copolymer satisfies the following Equations 1 and

200=2%*2=300 Equation 1

20=r2-r1=50 Equation 2

wherein rl represents a thickness (nm) from the center to
the seed of the graft copolymer and r2 represents a
thickness (nm) from the center to the core of the graft
copolymer,

wherein the graft copolymer has a graft ratio higher than
25% and a gel content lower than 90%, and the graft
copolymer comprises a styrene, vinyl toluene or styrene
monomer derivative; an alkyl (meth)acrylate com-
pound; and acrylonitrile, methacrylonitrile or a mixture
thereof, and

wherein a weight ratio of the seed to the core to the shell is
10 to 35:30 to 55:30 to 45.

2. The graft copolymer composition according to claim 1,

wherein the graft copolymer comprises:
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a seed comprising at least one compound of an aromatic
vinyl compound, a vinyl cyanide compound and an alkyl
(meth)acrylate compound;

a rubber core surrounding the seed and comprising alkyl
acrylate; and

a shell surrounding the core and comprising at least one
compound of an aromatic vinyl compound, a vinyl cya-
nide compound and an alkyl (meth)acrylate compound.

3. The graft copolymer composition according to claim 2,
wherein the alkyl acrylate comprises at least one selected
from methyl acrylate, ethyl acrylate, propyl acrylate, butyl
acrylate, hexyl acrylate, octyl acrylate and 2-ethylhexyl acry-
late.

4. The graft copolymer composition according to claim 2,
wherein the aromatic vinyl compound comprises at least one
selected from the group consisting of styrene, vinyl toluene
and styrene monomer derivatives.

5. The graft copolymer composition according to claim 2,
wherein the vinyl cyanide compound comprises acrylonitrile,
methacrylonitrile or a mixture thereof.

6. The graft copolymer composition according to claim 2,
wherein the alkyl (meth)acrylate compound comprises at
least one selected from the group consisting of methyl acry-
late, ethyl acrylate, propyl acrylate, butyl acrylate, 2-ethyl
hexyl acrylate, methyl methacrylate, ethyl methacrylate, pro-
pyl methacrylate, 2-ethyl hexyl methacrylate, methyl
ethacrylate and ethyl ethacrylate.

7. The graft copolymer composition according to claim 1,
wherein the seed and/or the core comprises, as a cross-linking
agent, at least one selected from the group consisting of
divinylbenzene, 1,3-butanediol diacrylate, 1,3-butanediol
dimethacrylate, 1,4-butanediol diacrylate, 1,4-butanediol
dimethacrylate, aryl acrylate, aryl methacrylate, trimethylol
propane triacrylate, tetraethylene glycol diacrylate, ethylene
glycol dimethacrylate, diethylene glycol dimethacrylate, tri-
ethylene glycol dimethacrylate, neopentyl glycol
dimethacrylate, triallyl isocyanurate, triarylamine, dially-
lamine and a compound represented by the following For-
mula 1:

Formula 1

A—FR—O0%—A'

wherein A independently represents a substitutent having a
vinyl group or a (meth)acrylate group, and A' represents
ahydrogen group, a substitutent having a vinyl group, a
C1to C30 alkyl group, a C5 to C24 arylalkyl group, a C5
to C24 arylamine group or a C6 to C30 aryl group, and

R independently represents a divalent ethyl group or propyl
group, and n is an integer of 5 to 15.

8. The graft copolymer composition according to claim 7,
wherein the cross-linking agent is used in an amount of 0.01
to 5 parts by weight, based on 100 parts by weight in total of
monomers used for preparation of the graft copolymer.

9. The graft copolymer composition according to claim 1,
wherein the matrix polymer comprises at least one selected
from hard matrix polymers comprising one or more of an
aromatic vinyl compound, a vinyl cyanide compound and an
alkyl (meth)acrylate compound.

10. The graft copolymer composition according to claim 1,
wherein the graft copolymer and the matrix polymer are
present at a weight ratio of 10:90 to 90:10.

11. The graft copolymer composition according to claim 1,
wherein the graft copolymer composition comprises 0.1 to 10
parts by weight of at least one additive selected from the
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group consisting of a flame retardant, a lubricant, an antimi-
crobial agent, a release agent, a nucleating agent, a plasticizer,
a thermo stabilizer, an anti-oxidant, a photostabilizer, a com-
patibilizer, a pigment, a dye and an inorganic additive, based
on 100 parts by weight in total of the graft copolymer com- 5
position.

12. A molded article produced from the graft copolymer
composition according to claim 1.

#* #* #* #* #*
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